Introduction {#sec1-1}
============

*Artemisia* (Asteraceae) is regarded as one of the large and diverse genera of the plants with about 400 species. Some species of the genus have a reputation as anti-hepatotoxic and anti-malarial agents, food additives ([@ref1], [@ref2]) antimicrobial or antiviral ([@ref3]-[@ref5]) and anti-inflammatory agents ([@ref6]). Among 43 reported species of the genus in Iran, two are endemic to the country ([@ref7], [@ref8]). Flavonoids, coumarins, sterols, polyacethylenes, monoterpens, sesquit- erpenes and sesquitrpenelactons are the main classes of reported phytochemicals from the genus ([@ref1], [@ref9]).

Herbal extracts of the same genus have been shown to possess anti-prolifrative and anti-apoptotic effects ([@ref10]-[@ref14]). The apoptosis induction of *Artemisia lavandulaefolia* via the mitochondrial and MAPKs pathways and apoptosis in HeLa cells by *Artemisia princeps* Pampanini cv. Sajabal through caspase-mediated activation of the mitochondrial death pathway and inhibition of tumor growth of HeLa xenograft mice are two examples in this genus ([@ref15]).

*Artemisia biennis* Willd. With the Persian names of "Dermaneye dosaaleh" and " Dermaneye mortafa", grows

wildly in Iran ([@ref16]). Presence of alpha-pinene (10.2%), 1, 8- cineole (10.1%), *Artemisia* ketone (11.4%) and camphor (24.6%) has been reported as the main components of the essential oil ([@ref17]). Based on another study, (Z)-β-ocimene (34.7%), (E)-β-farnesene (40.0%), the acetylenes (11.0%) and (Z) - and (E)-en-yn-dicycloethers were found to be the major components of the essential oil. Notable effects against *Aspergillus niger*, *Cryptococcus neoformans* and *Fonsecaea pedrosoi* as well as weak antioxidant and free radical scavenging activities have been reported for the essential oil ([@ref18]). The hydro-ethanol extract of *A. biennis* exhibited significant effects on *in vitro* leishmanicidal activity while dichloromethane extract of *A. biennis* in comparison with six other *Artemisia* species possessed the highest cytotoxicity on the cervical cancer cell line ([@ref19], [@ref20]). The hydro-ethanol extract of *A. biennis* was found to have higher total phenolic content and antioxidant activity ([@ref21]). Apoptosis inducing ability in the plant have led to the identification of many bioactive anti-cancer and chemoth- erapeutic agents. Apoptosis may be triggered in cancer cells via multiple signaling path ways, such as the receptor, mitochondrial and mitogen-activated protein kinase (MAPK) pathways ([@ref22]).

The use of whole plant extracts in biological studies versus single phytochemicals offers synergistic/antago- nistic effects of the complex mixture of secondary metabolites in the plant ([@ref23]). Mixtures of compounds present in plant extracts provide the essential combinations of single components that affect multitude targets with much less toxicity of each individually low amount of compounds ([@ref24]). Based on the anti-proliferation and apoptosis inducing potential of different flavonoids and terpenoids isolated from *Artemisia* genus ([@ref25], [@ref26]), this study was designed to examine the ability of petroleum ether (PE), dichloromethane (CH~2~Cl~2~), ethyl acetate (EtOAc), ethanol (EtOH) and EtOH/H~2~O (1:1 v/v) extracts obtained from *A. biennis* to induce apoptosis in apoptosis-proficient HL-60 and apoptosis-resistant K562 cells, which differ in sensitivity to cytotoxic insults ([@ref27]). This study also explored the possible mechanism(s) of the apoptosis arbitrated to the plant. The results show for the first time that the *A. biennis* could induce apoptosis in the human leukemia cells through a mitochondria and caspase-dependent pathway.

Materials and Methods {#sec1-2}
=====================

Reagents and chemicals {#sec2-1}
----------------------

AlamarBlue® (resazurin) from Sigma (Saint Louis, MO, USA); RPMI-1640 and FBS from Gibco; Lympholyte®-H from Cedarlane (Canada, CL5020); β-actin (\#4970) and PARP (\#9542) antibodies, anti-rabbit IgG (\#7074) HRP linked antibody from Cell Signaling technology (Boston, USA); ECL Western blotting detection reagent from Bio-RaD (USA); the fluorescent probe propidium iodide (PI), protease inhibitor cocktail, phosphatase inhibitor cocktail, sodium citrate, Triton X-100, phenylmethylsulfonyl fluoride and QuantiPro BCA Assay Kit from Sigma (Steinheim, Germany); all the solvents used for extraction were purchased from Caledon and Scharlau.

Plant material {#sec2-2}
--------------

Aerial parts of *A. biennis* Willd. were collected from Zoshk (Razavi Khorasan province, Iran) in September 2010. Samples were identified by Dr Valiollah Mozaffarian (Research Institute of Forest and Rangelands, Tehran, Iran). The voucher specimen (No. 12570) has been deposited in the Herbarium, Department of Pharmacognosy, School of Pharmacy, Mashhad University of Medical Sciences, Mashhad, Iran.

Preparation of extracts and extracts {#sec2-3}
------------------------------------

The dried powdered aerial parts (120 g) of *A. biennis* were extracted with petroleum ether ([@ref40]-60), CH~2~Cl~2~, EtOAc, EtOH and EtOH/H~2~O (1:1 v/v) respectively (Sequential maceration with ca. 3×1.2 L of each solvent). The extracts were filtrated with filter paper and dried using rotary evaporator at a reduced pressure at a temperature below 45 °C to yield 6.13, 8.78, 0.57, 1.84 and 11.99 g of each extract ([Figure 1](#F1){ref-type="fig"}).

![Extraction scheme of PE, CH~2~Cl~2~, EtOAc, EtOH and EtOH/H~2~O (1:1 v/v) extracts of Artemisia biennis](IJBMS-20-166-g001){#F1}

All of the isolated extracts were dissolved in dimethylsulfoxide (DMSO) and then were subjected to cytotoxic and apoptosis assays.

Cell cultures and treatment {#sec2-4}
---------------------------

The human leukemic cancer cell lines HL-60 (C217) and K562 (C122) and non-malignant cell line, J774 cell (C483), were obtained from Pasture Institute (Tehran, Iran) and maintained in RPMI-1640 medium with 10% v/v fetal bovine serum and 100 u/ml penicillin and 100 μg/ml streptomycin at 37 °C in a humidified atmosphere of 5 % CO~2~ and 95% of air.

In vitro cell proliferation {#sec2-5}
---------------------------

The AlamarBlue^®^ cell viability reagent functions as a cell health indicator by using the reducing power of living cells to quantitatively measure the proliferation of various human and animal cell lines, bacteria, plant, and fungi allowing to establish relative cytotoxicity of agents within various chemical classes.

When cells are alive, they maintain a reducing environment within the cytosol of the cell.

Resazurin, the active ingredient of AlamarBlue^®^, is a non-toxic, cell permeable compound that is blue in color and virtually non-fluorescent. Upon entering cells, resazurin is reduced to resorufin, a compound that is red in color and highly fluorescent. Viable cells continuously convert resazurin to resorufin, increasing the overall fluorescence and color of the media surrounding cells ([@ref28]). About 5×10^4^ K562 and 10^5^ HL-60 cells were seeded in each well of 96-microwell plate and treated with various concentrations of each extract of *A. biennis* (6.25, 12.5, 25, 50, 100, 200 µg/ml). J774 cell line was used as non-malignant cell line. After 48 hr incubation, AlamarBlue^®^ was added to each well according to the manufacturer's instructions. After 4 hr in culture, the cell viability was determined by measuring the absorbance at 570 nm and 600 nm using an ELISA microplate reader (Awareness, Palm City, FL, USA). The cytotoxicity of *A. biennis* extracts was expressed as IC~50~, which was calculated using Graph Pad Software (Graph Pad prism 5 software) and presented as mean±SEM of three independent experiments with three replicates for each concentration of *A. biennis* extract.

PI Staining {#sec2-6}
-----------

Apoptotic cells were detected by PI staining of small fragments of DNA in treated cells followed by flow cytometry. It has been reported that following DNA fragmentation the so-called sub-G1 peak can be noticed following incubation of cells in a hypotonic phosphate-citrate buffer containing quantitative DNA-binding dye such as PI. Apoptotic cells that have lost DNA will take up less stain and will show up in the left side of the G1 peak in the histogram ([@ref29]). Briefly, 10^6^ K562 and HL-60 cells were seeded in each well of a 24-well plate and treated with CH~2~Cl~2~ extract of *A. biennis* in different concentrations (25, 50 and 100 µg/ml) for 48 hr. Floating and adherent cells were then harvested and incubated at 4°C overnight in the dark with 750 μl of a hypotonic buffer (50 μg/ml PI in 0.1% sodium citrate plus 0.1% Triton X-100) before flow cytometric analysis of 10^4^ events using a flow cytometer (Becton Dickinson).

Western blotting analysis {#sec2-7}
-------------------------

About 10^7^ HL-60 cells were treated with CH~2~Cl~2~ extract of *A. biennis* (25, 50 and 100 μg/ml) for 48 hr. The cells rinsed and harvested with cool PBS for 3 times, the cell pellet was resuspended in a lysis buffer containing 50 mM Tris-HCl (pH=7.4), 150 mM NaCl, 1% Triton X-100, 1 mM EDTA, 0.2% SDS, 1% Protease inhibitor cocktail, 1% phosphatase inhibitor cocktail and 1 mM phenylmethylsulfonyl fluoride and left on ice for 30 min. After centrifugation at 10000 rpm for 20 min at 4 °C, the cell lysate was collected and protein concentration was determined according to the Bio-Rad Protein Assay kit. Equal amount of proteins were subjected to 8% and 12.5% SDS-page (W/V). The proteins were transferred to a polyvinylidene fluoride (PVDF) membrane and subjected to immune-blotting using Bax, β-actin and, PARP antibody as primary antibodies and anti-rabbit IgG HRP-linked antibody as secondary antibodies, Bcl-2. Bax protein band and PARP cleavage in HL-60 cells were detected by enhanced chemiluminescence using the ECL Western blotting detecting reagent. Images were quantified using Gel-pro Analyser V.6.0 Gel Analysis software (Media Cybernetics, InC, Bethesda, MD).

Statistical analysis {#sec2-8}
--------------------

One way analysis of variance (ANOVA) and Bonferroni *post hoc* test were used for data analysis. All the results were expressed as mean±SEM and *P*-values below 0.05 were considered statistically significant.

Results {#sec1-3}
=======

Cytotoxicity of various extracts {#sec2-9}
--------------------------------

Different extracts of *A. biennis* were examined for cytotoxic potential on K562, HL-60 and normal cell lines (J774). These cells incubated in 37 °C and 5% CO~2~ with various concentrations of different extracts of *A. biennis* (0-200 µg/ml) for 48 hr.

Results demonstrated that some extract decreased cell viability in a concentration-dependent manner. In K562 cells *n*-Hexane, CH~2~Cl~2~ and EtOAc extracts and in HL-60 cell *n*-Hexane and CH~2~Cl~2~ extracts at the concentration below 25 µg/ml were significantly cytotoxic (*P*\<0.05). Among different extracts of *A. biennis*, CH~2~Cl~2~ extract demonstrated the most cytotoxic effects on cancer cells ([Figure 2](#F2){ref-type="fig"}), but minimal effect on normal cells (Data not shown). IC~50~ values (µg/ml) for different extracts of *A. biennis* in HL-60 and K562 cells are presented in [Table 1](#T1){ref-type="table"}.

![The dose-dependent effects of extracts on the growth of K562 and HL-60 cells and normal J774 cells. PE and CH~2~Cl~2~ extracts exhibited cytotoxic activity against apoptosis-proficient HL-60 and apoptosis-resistant K562 cells with minimal cytotoxic effects on normal J774 cells. Values were mean±SEM of at least three independent experiments, each in triplicates](IJBMS-20-166-g002){#F2}

###### 

IC~50~ values (µg/ml) for different extracts of *Artemisia biennis* in HL-60 and K562 cell lines

              Extracts                                
  ----------- ---------- ------------ ------- ------- -------------------
  Cell line   PE         CH~2~Cl~2~   EtOAc   EtOH    EtOH/H~2~O(1:1/v)
  K562        86.18      64.86        80.91   \>200   \>200
  HL-60       92.87      54.31        \>200   \>200   \>200

Apoptosis induction by CH~2~Cl~2~ extract {#sec2-10}
-----------------------------------------

Apoptosis in K562 and HL-60 cell lines was detected with flow cytometry using PI staining test. Cells incubated with various concentrations of CH~2~Cl~2~ extract of *A. biennis* (0, 50, 100 µg/ml) for 48 hr. Sub-G1 peak of treated cells in flow cytometry histograms compared to untreated control cells revealed the induction of apoptosis in treated cells ([Figure 3](#F3){ref-type="fig"}).

![PI staining and flow cytometry analysis of CH~2~Cl~2~ extract (0, 25, 50, 100 µg/ml) induced apoptosis in K562 and HL-60 cells](IJBMS-20-166-g003){#F3}

Western blotting {#sec2-11}
----------------

The cleavage of 116 kDa PARP-1 to 89 and 24 kDa fragments was used as an indicator of apoptosis. In HL-60 cells, PARP-1 was cleaved clearly to the 89 kDa and 24 kDa fragments after treatment with CH~2~Cl~2~ extract (25, 50 and 100 µg/ml) for 48 hr ([Figure 4](#F4){ref-type="fig"}). Bax proteins play a pivotal role in controlling cytochrome c release and apoptosis initiation via the mitochondrial pathway. CH~2~Cl~2~ extract (25, 50 and 100 µg/ml) enhanced the level of Bax protein in HL-60 cells in a concentration-dependent manner ([Figure 4](#F4){ref-type="fig"}).

![Proteolytic cleavage of poly (ADP-ribose) polymerase (PARP) and increasing in the level of Bax protein in HL-60 cells after 48 hr exposure to CH~2~Cl~2~ extracts (0, 25, 50, 100 µg/ml). Β-Actin was used as a loading control. All Western blots were representative of 3 independent experiments](IJBMS-20-166-g004){#F4}

Discussion {#sec1-4}
==========

Medicinal plants as important natural sources of therapeutic agents are well-known for their less toxic effects than synthetic compounds. Thus, development of novel drugs relies on the progression of plant based therapeutics ([@ref30]). In this regard, plants are screened for their bioactivity to identify the most potent ones for the desired effects. Different species of the *Artemisia* have been selected for further analytical and mechanistic study due to potent cytotoxic and anti-tumor properties. In particular, the flavonoids, eupatilin ([@ref25]), eupafolin ([@ref15]) and jaceosidin ([@ref26]) introduced as active principles in *Artemisia* species which have cytotoxic and apoptosis inducing effects.

In this study, the anti-proliferative activities of PE, CH~2~Cl~2~, EtOAc, ethanol and EtOH/H~2~O (1:1 v/v) extracts obtained from *A. biennis* were explored for the first time. According to the results of the present study PE and CH~2~Cl~2~ extracts were active against HL-60 cells and PE, CH~2~Cl~2~ and EtOAc extracts were active against K562 cell lines. Extract used for extraction of *A. biennis* have different polarity and draw out phytochemical of various polarity from the plant. Thus, the presence of none/semi polar nature of the active components in *A. biennis* is assumable. The potent cytotoxic effect of CH~2~Cl~2~ extract of *A. biennis* encourages further study on the pro-apoptotic effects of the extract in HL-60 and K562 cells. In particular, we found that CH~2~Cl~2~ extract of *A. biennis* induced sub G1 peak in flow cytometry histogram of treated HL-60 and K562 cells compared to control untreated cells. The apoptosis induction was confirmed in HL-60 cells, as evidenced by increase in level of Bax protein and cleavage of PARP.

Alteration in the apoptosis pathway is supposed to play a key role in cancer progression ([@ref31]) and is known as being the particular causes of non-invasive cell death in the body. Apoptosis signaling pathway is mainly regulated by many genes. Caspase families of enzymes are key effectors in cell death-inducing signals from cell surface receptors, mitochondria, or endoplasmic reticulum stress ([@ref32]). Generally, caspases are classified as initiator and effector caspases and participate in both extrinsic and intrinsic pathways of apoptosis. Effector caspases, such as, caspase-3, -6 and -7, cleave cellular substrates, such as, PARP and lamin A/C, which promote apoptosis. Bax is one of the pro-apoptotic members of the BCL-2 superfamily that forms an opening pore by inserting into the mitochondria outer membrane. When overcome the anti-apoptotic members, pro-apoptotic proteins promote apoptosis via the intrinsic way ([@ref29], [@ref33]).

Different species of the *Artemisia* have been selected for further analytical and mechanistic study due to potent cytotoxic and anti-tumor properties. In particular, the flavonoids, eupatilin ([@ref25]), eupafolin ([@ref15]) and jaceosidin ([@ref26]) have been introduced as active principles in *Artemisia* species, which have cytotoxic and apoptosis inducing effects. The essential oil of *A. indica* exhibited concentration dependent cytotoxicity against four human cancer cell lines THP-1, A-549, HEP-2 and Caco-2 ([@ref34]). It has been suggested that *A. afra* has potential anti-cancer properties because of observed cytoxicity of the ethanol extract against U937 and HeLa cancer cells ([@ref35]). The CH~2~Cl~2~ fraction from *A. sacrorum* exhibited the highest cytotoxicity in comparison with eight other fractions against HepG2, HT-29 and MCF-7 cells ([@ref36]). *In vitro* cytotoxic properties of different extracts from *A. absinthium* against J-45.01 human acute T leukemia, MDA-MB-231, and MCF-7 cell lines have been proven ([@ref37]-[@ref39]). Based on another study, the most potent essential oils of *A. absinthium* in the brine shrimp (*Artemia* sp.) test were found to be those containing notable amounts of trans-sabinyl acetate and cis/trans-thujones ([@ref40]). Ethanol extract of *A. argyi* exhibited activity against the P388 murine leukemia cell line ([@ref41]). Dichloromethane extracts of *A. annua* were more cytotoxic than methanol extracts towards HeLa cancer cells ([@ref42]). The essential oil of *A. herba-alba* with the main volatile constituent, verbenol, exhibited significant anti-proliferative activity against the acute lymphoblastic leukemia (CEM) cell line ([@ref43]). Assessment of the cytotoxicity of ethanolic leaf extracts of *A. annua* from Chinese and Brazilian origins to molt-4 human leukemia cells revealed the potential application of these extracts in cancer treatment ([@ref44]).

In this study, the anti-proliferative activities of different extracts obtained from *A. biennis* were explored for the first time. According to the results of the present study PE and CH~2~Cl~2~ extracts were active against HL-60 cells and PE, CH~2~Cl~2~ and EtOAc extracts were active against K562 cell lines. Solvents used for extraction of *A. biennis* have different polarity and drew out phytochemicals of various polarities from the plant. Thus, the presence of the none/semi polar nature of the cytotoxic components in *A. biennis* is assumable. The potent cytotoxic effect of CH~2~Cl~2~ extract of *A. biennis* encourages further study on the pro-apoptotic effects of the extract in HL-60 and K562 cells. In particular, we found that CH~2~Cl~2~ extract of *A. biennis* induced sub G1 peak in flow cytometry histogram of treated HL-60 and K562 cells compared to control untreated cells. The apoptosis induction was confirmed in HL-60 cells, as evidenced by increase in the level of Bax protein and cleavage of PARP. Taken together, these findings suggest that CH~2~Cl~2~ extract obtained from *A. biennis* induces apoptosis verified by the presence of apoptotic cell populations (sub G1 peak) in flow cytometry histogram of treated cells, increase in level of Bax and cleavage of PARP. In summary, the finding of this study confirmed the potential value of *Artemisia* genus and in particular *A. biennis* in the treatment of cancer and malignancies.

Conclusion {#sec1-5}
==========

The species of *Artemisia* genus have been demonstrated to possess anti-proliferative effects on cancer cells. In this regard, considering the value of this genus in anti-cancer investigations we have chosen *A. biennis* for cytotoxic and mechanistic studies. In this study, among the different extracts of *A. biennis*, CH~2~Cl~2~ extract was found to have the highest anti-proliferative effect on cancer cells (K562 and HL-60) and the lowest cytotoxicity on J774 as normal cells. The results show for the first time that the *A. biennis* could induce apoptosis in the human leukemia cells through a mitochondria and caspase-dependent pathway. Due to their valuable effects, future research will undoubtedly provide more insights and shed further light on the *Artemisia* genus as promising medicinal plant in anti-cancer therapy.
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